Materials and Methods
The procedures employed in the present study were, with the few exceptions mentioned in the text, those used in investigating the New York epizootic (1) . The New York P-4 strain of psittacosis (1) served as the reference virus in the current work. This strain was originally isolated in mice inoculated with pigeon tissue and was maintained for about twenty serial transfers in brains of members of this species. It was then adapted to growth in the yolk sac of embryonated eggs (2); the adapted virus maintained its virulence for mice. Virus from infected yolk sac or from brain tissue of mice inoculated with the egg-adapted strains of P-4 was used in the studies. Psittacosis antibody in sera of pigeons and mice was demonstrated by means of the complement fixation technique (2) .
History of Birds in Pigeon
Platoon.--No unusual diseases were noted among birds of the platoon during the spring of 1942 while training in one of the Southern States. But immediately prior to departure for a port of embarkation, 200 birds were received from a platoon stationed in a neighboring state, of which a number were sick and several dead on arrival. Illness continued among the new pigeons but did not appear in the original stock until a month 385
later. It then spread rapidly throughout the flock. One housing unit capable of accommodating 100 to 200 birds was in constant use as an isolation loft during the next 4 months. Many of the ill birds recovered but some 300 pigeons succumbed during the summer and autumn. The epizootic diminished in intensity in November and by the end of December the number of pigeons sick from all causes was reduced to 15 to 20. Quarantine, which had been in effect since arrival overseas, was lifted about this time and thereafter an extensive interchange of pigeons with other organizations occurred. Over a period of months the majority of the trained pigeons were given to other American units as replacements. Several thousand adolescent and young adult birds were received from British sources for training. The incidence of illness continued at a low rate throughout the first 8 months of 1943; one or two dozen birds were generally in the sick loft. The malady was now limited almost entirely to young birds from 1½ to 3 months of age. Furthermore, it was more common in progeny of the original American stock than in young British birds introduced into the Platoon. In August, 1943, the Virus Division was asked to investigate the nature of the disease which had become enzootic in the flock. Eleven sick pigeons were submitted for complete investigation and, in addition, nine convalescent pigeons were bled for serological studies.
EXPERIMENTAL

Isolation of Virus from Pigeons
Viral agents were isolated from the tissues of five of the eleven pigeons submitted for study. A summary of features of the illness, pathological, and virological findings in the five birds is presented in Table I . The diagnosis was of a descriptive nature and differed for each bird; furthermore, the signs of illness and the pathological findings were somewhat variable. Nevertheless the histopathological lesions in all five birds were similar in that they consisted of degenerative and inflammatory changes in the viscera. The lesions differed significantly, however, in that ceils in involved tissue of only three of the five pigeons contained intranuclear inclusions. A virus, which for want of a better designation we have tentatively called the intranuclear inclusion agent (I.N.I.) was isolated from each of these three pigeons. Psittacosis virus was also isolated from the organs of two of them. Two other birds from which psittacosis virus alone was isolated did not have the intranuclear structures. Furthermore, lesions of the pancreas were not found in these two although they were noted in the three birds that yielded the I.N.I. agent. In general birds infected with both psittacosis and I.N.I. viruses presented histopathological findings essentially identical with those previously encountered in pigeons in New York (1) . Lesions observed in the two birds with uncomplicated psittacosis were similar to those described by others in pigeons (3, 4) and parrots (5) .
Pigeon E.T. 5 is worthy of special note for it is the only bird encountered to date infected solely with the I.N.I. agent.
trachea. Coliform organisms in pure culture were grown from the tracheal fluid but the liver and spleen were bacteriologically sterile. Microscopically the liver contained numerous small sharply demarcated areas of focal necrosis distributed at random within liver lobules ( Figs. 1 and 2) . Most of the loci were fresh, with little or no cellular infiltration, and with
T A B L E I
Pathological Data on Pigeons from Which Strains of Virus Were Isolaled
Pigeon
No.
Features of the disease m a n y of the parenchymatous cells represented by areas of acidophilic granular debris. M a n y of the less severely affected cells in the damaged areas contained large intranuclear inclusions of the herpetic type (Fig. 3) . A few of the periportal spaces had scattered infiltrations of lymphocytes. The normal architecture of the pancreas was disrupted in several large, poorly circumscribed areas by degenerative changes in the parenchymatous cells (Figs. 4 and 5) . In some portions of these affected areas scattered groups of cells had undergone complete necrosis and in other portions hemorrhage and loose infiltrations of polymorphonuclear leucocytes had occurred. Intranuclear inclusions were common in the lesions, indeed in certain fields most of the cells contained these structures (Fig. 6) . Islet tissue distant from the disrupted areas was unaffected. Several focal collections of lymphocytes and mononuclear cells were found near pancreatic ducts.
The spleen, like the liver, had many small circumscribed areas of necrosis and intranuclear inclusions were plentiful in cells in and about these loci. Infiltrations of polymorphonuclear leucocytes and mononuclear cells were found in the submucosa of the trachea, but the mucosa was normal in the section examined.
A suspension of pooled hepatic and splenic tissue of pigeon E.T.5 was injected intracerebrally into six mice and onto the chorio-allantoic membranes of five 10 day old chick embryos. No disease developed in the mice; one was killed on the 10th day and a suspension of its brain was inoculated intracerebrally in six normal mice which also remained well. Surviving animals were subsequently tested for immunity to psittacosis virus. All died between the 6th and 9th day following an intracerebral injection of 10 minimal lethal doses (~s.L.D.) of known psittacosis virus. The chick embryos inoculated with the suspension of pigeon tissues all developed pocks on their chorio-allantoic membranes; histopathological examination revealed intranuclear inclusions in these lesions. The transmissible agent present in the infected chick tissues was readily maintained by serial passage in the developing egg. It was designated E.T. P-5.
Strains of psittacosis virus were isolated from four pigeons and identified in the following manner.
Mice inoculated intracerebrally with a suspension of tissue of each of the four birds sickened; the majority either died or on recovery were found to be immune to 10 to 100 u.s.n, of a known strain of psittacosis virus of pigeon origin. These newly isolated strains of virus, i.e., E.T., P-l-M, P-2-M, P-6-M, and P-8-M, were maintained by serial intracerebral passage in mice for seven to thirteen transfers while they were being identified. The strains maintained in mice were typical of psittacosis virus of pigeon origin (1, 3, 4) . They were lethal for mice when injected intracerebrally in great dilution; thus after several passages they titered 10 -~ to 10-L Yet, even in high concentration they rarely killed mice when injected intraperitoneally. Furthermore, elementary bodies were regularly demonstrable in stained impression smears of mouse brains infected with each strain. Finally, mice hyperimmunized with mouse brain tissue infected with each of the strains developed antibodies which fixed complement with psittacosis antigen, and such hyperimmune mice resisted the intracerebral injection of 104 to 10 e ~S.L.D. of a known psittacosis virus (Table II) .
Studies on the pathogenicity of three of these strains for rabbits and guinea pigs showed that both species were moderately susceptible on intracerebral injection of the agents. Fever developed several days after inoculation and lasted 3 to 5 days; death rarely occurred; and histopathologically the lesions were limited to a mild meningeai reaction. Intracutaneous injection of the strains in guinea pigs regularly induced a local, pink, papular, lesion which appeared about the 2rid day and began to regress after several days; titration end points obtained by this route in guinea pigs were comparable to those procured when portions of the same materials were injected intracerebraily into mice. Lesions resulted infrequently in rabbits, following the intracutaneous injection of these pigeon strains of psittacosis. Thus, these mouse-virulent strains of pigeon psittacosis elicited responses in guinea pigs and rabbits similar to those which follow the injection of psittacine strains of the virus (5).
Further evidence for the occurrence of psittacosis infection among members of the flock under investigation was obtained by serological tests. One of the three birds from which psittacosis virus was isolated had antibodies against this agent (Table I) . Four of nine pigeons convalescent from a recent illness also possessed psittacosis antibodies in their sera; the titration end points were. from 1/128 to 1/1024.
In an attempt to isolate the I.N.I. agent, suspensions of tissue from each of the five pigeons were inoculated on the chorio-allantoic membranes of developing hens' eggs. The establishment of strain E.T.P-5 has been described above. Pock-like lesions in which numerous intranuclear inclusion bodies were found on histological examination, developed on the membranes of eggs inoculated with a suspension of pooled tissue from the liver and spleen of pigeon E T.1 and with separate suspensions of hepatic, splenic, and pancreatic tissue of pigeon E.T.8. These infectious agents were readily maintained by serial transfer on the chorio-allantois. They were designated E.T.P-1-E and P-8-E in order to differentiate them from the agents isolated when portions of the same suspensions were injected into mice. Eggs inoculated with tissues from pigeons E.T.2 and 6 did not develop similar lesions; 1 several attempts at isolation were made with material that had been stored from a few days to a month in the frozen state.
In summary, psittacosis virus was isolated from four sick pigeons by injecting mice intracerebraUy with suspensions of visceral tissue. These four strains were maintained by intracerebral passage in mice and were found to be indistinguishable from psittacosis virus of pigeon origin. An agent capable of inducing pocks on egg membranes, which were characterized by the presence of intranuclear inclusions was obtained from two of the birds which also had psittacosis and from one pigeon which did not.
Separation of the I.N.I. Agent from Psittacosis Virus
Early in the present study, before it became apparent that the I.N.I. agent was not identical with psittacosis virus of pigeon origin, it was assumed that the chorio-allantoic strains of virus were all similar to those encountered in the New York epizootic (1). For example, it was obvious almost immediately that the intranuclear inclusion-producing strain E.T. P-8-E contained psittacosis virus, since elementary bodies were demonstrated in impression smears of infected membranes and suspensions of chorio-allantois were lethal for mice when injected intracerebrally. This agent, pathogenic for mice, was identified as psittacosis by cross-immunity tests. Strain E.T. P-1-E In our experience the adaptation to growth on the chorio-ailantois of psittacosis virus procured directly from infected pigeon tissue is a tedious procedure. Psittacosis virus, unassociated with the I.N.I. agent, has been obtained recently from two pigeons which came from different foreign flocks. In both instances the virus was isolated and maintained with ease in mice infected intracerebrally. The suspension of tissue from one of the birds induced the formation of a central plaque on the membranes of inoculated eggs but passage of this material was unsuccessful. A few pocks developed on membranes inoculated with tissue of the second bird, and the virus responsible for these lesions was maintained by passage on the chorio-ailantois; the sixth generation was pathogenic for mice. Pocks produced on membranes by infection with this agent were tiny, faintly opaque lesions and were never numerous; furthermore, visceral lesions were not observed macroscopicaily in embryos of inoculated eggs. In contrast the I.N.I. agent is not only readily isolated on the chorio-allantois but also produces macroscopic lesions that differ from those of psittacosis; viz., large yellowish gray pocks on the membrane and yellowish gray areas of focal necrosis in the liver and spleen of the embryo. also induced the formation of elementary bodies as well as intranuclear inclusions in the pocks on the chorio-allantoic membrane but unlike P-8-E it was not pathogenic for mice. ThuS, the former corresponded closely with five of the strains previously isolated in eggs while the latter seemed identical with the strain New York P-3. Strain E.T.P-5 was pathogenic for eggs and avirulent for mice but differed from P-1-E in that elementary bodies were never seen in smears of sections of infected membranes.
At this stage of the investigation most of the data summarized in Table I became available. Accordingly, we considered the possibility that the strain P-5 represented the sole etiological agent of the intranuclear inclusion disease and that this strain was not contaminated with psittacosis virus. In pursuit of this idea a comparative estimation of the relative sizes of P-5 andpsittacosis virus was undertaken.
Chorio-aUantoic membranes of the 12th to the 16th passage of P-5 virus were used in preliminary filtration and centrifugation experiments. Suspensions of such materials when titered by the pock-counting method on allantoic membranes were infectious in dilutions of 10 -5 to 10 -8 .
Ten per cent suspensions of infected chorio-allantoic tissues were made in horse serum buffered at pH 7.8 and partially clarified by spinning in the horizontal centrifuge at 4,000 R.P.M. for 10 minutes. This material was then passed through prepared Berkefeld and Seitz filters. In each instance the first 5 cc. of filtrate were discarded and the next 5 to 10 cc. collected for titration of virus.
In one experiment the titer of the original suspension was 10-~, that of the Berkefeld V filtrate was greater than 10 -3 (confluent lesions were produced by the highest dilution tested;
i.e., 10-~) , and that of the Seitz filtrate was 10-~. On another occasion the original material titered 10 -8 and the Seitz filtrate 10 -a, while in a third experiment the infective titers before and after Berkefeld filtration were 10 -6 and 10-3, respectively.
High speed centrifugation of suspensions containing P-5 was carried out in the following manner:--A 10 per cent suspension of infected membranes, after partial clarification by centrifugation in the horizontal machine, was placed in capped lusteroid tubes having an internal diameter of 11 mm. and spun at 18,400 R.P.~. for 30 minutes in an International high speed angle-head attached to a refrigerated International centrifuge model PR-1. ~ The upper third of the column of fluid in each tube was then carefully removed with a capillary pipette and placed in fresh lusteroid tubes; this was centrifuged at 18,400 R.P.~. for 45 minutes. Again the upper third of the columns of fluid was removed and pooled; this fluid was titered on chorio-aUantoic membranes. In one such experiment the infective titers before and after high speed centrifugation were 10 -6 and 10-4, respectively, while in another they were 10-6 and 10 -4. This comparatively moderate diminution of the agent in the supernatant fluid led us to think that the I.N.I. agent was smaller than viruses which are represented by elementary bodies. Subsequent experiments (6) indicated that such was indeed the case for the I.N.I. virus was not appreciably sedimented by centrifugation in the angle machine at 2The efficiency of this centrifuge was increased by two simple adaptations. Duraluminum cups capable of carrying lusteroid tubes measuring 11X 65 mm. were employed. In addition rapid deceleration was prevented by releasing all spring tension on the drive belt just after the electric current was cut off. This was done by manually inserting a properly shaped metal piece. Under these conditions about 12 minutes were required for the rotor to come to a stop from a speed of 18,400 ~.P.~.
11,500 R.p.x~. for t hour. It will be recalled that centrifugal conditions similar to those just mentioned are employed to deposit elementary bodies of vaccinia (7) and that these structures have a size of 236 to 252 m/~ (8).
Psittacosis virus is known to be capable of passing through various types of filters, see references cited in (9) . However, in our hands Berkefeld V filtrates of two recently isolated strains of pigeon psittacosis were of low pathogenicity for mice or were avirulent. In contrast, suspensions of the I.N.I. virus lost relatively little of their infectivity during passage through Berkefeld V filters and filtration through Seitz E.K. pads consistently failed to remove the agent. High speed centrifugation experiments provided further evidence for regarding the new virus as smaller than the elementary body of psittacosis which has a diameter of 200 to 300 m/~ (10). In view of the apparent difference in size of the I.N.I. and psittacosis viruses an attempt was made to separate the two agents by filtration.
Two 10 per cent suspensions of tissues, one of chorio-allantoic membranes infected with P-5 and the other of mouse brain infected with psittacosis virus P-2-M, were prepared in buffered horse serum and titered respectively by injection on the chorio-allantois of eggs and intracerebrallyin mice. Equal volumes of the two virussuspensionsweremixedandfiltered through a prepared Berkefeld V filter at a negative pressure of 16 cm. of mercury. Serial tenfold dilutions of the filtrate were titered on chorio-allantoic membranes and intracerebrany in mice. The titration end points as determined by the pock-counting method were 10 -7 and 10 -5, respectively, before and after filtration. The 10 -4 dilution of the unfiltered psittacosis virus suspension, the highest dihition tested, caused the death of all three injected mice on the 6th and 7th days; norie of the mice injected with 10 -1 to 10 -a dilutions of the filtrate bec~me ill.
The I.N.I. agent was purposely contaminated with psittacosis virus and then freed of the contaminant by passage through a Berkefeld filter. At this point it seemed highly probable that the P-8-E strain was indeed a mixture of I.N.I. and psittacosis viruses and that the two were being carried simultaneously by passage in eggs. That such was the case was demonstrated in the following experiments.
A 10 per cent suspension of chorio-allantoic membranes from the 6th passage of P-8-E was made in alkaline horse serum and centrifuged at 4,000 R.p.x~. for 10 minutes. A portion of the moderately opalescent supernatant fluid was then titered in eggs and in mice; the remainder was passed through a Berkefeld V filter which had been prepared in the usual manner. The infective titers in eggs, determined by the pock-counting method, were 10 -6 before and 10 -3 after filtration. Two of the three mice injected intracerebrally with a 10 -4 dilution of unfiltered suspension were found dead on the 8th and 10th days. One mouse injected with the undiluted filtrate, i.e., 10 -1 dilution of original tissue was obviously sick on the 14th day; a transmissible agent, lethal for mice when given by the intracerebral route, was isolated from its brain and identified as psittacosis virus by cross-immunity tests.
Thus, the pock4orming agent was reduced by filtration but the agent lethal for mice was diminished to a greater extent. Even before it was ascertained that a detectable amount of psittacosis virus had passed the filter, the possibility was considered that quantities of this virus sublethal for mice might occur in the filtrate and, that serial passage of egg membranes infected with the filtrate might result in an increase in the mouse pathogen. Therefore, a membrane with confluent pocks was taken on the 5th day after inoculation with undiluted filtrate and a 10 per cent suspension was prepared. Subsequent histological section of the membrane showed it to be rich in intranuclear inclusions. Mice injected intracerebrally with this suspension remained well, whereas eggs inoculated with the same material had pronounced lesions on their chorio-allantoic membranes when examined at death on the 4th day. This strain of virus, designated P-8-F, was carried through a total of eight serial passages on the chorio-allantois by transfer at 4 day intervals of a 10 per cent suspension of tissue. The 7th passage had a titer of 10-7 by the pock-counting method. The agent behaved in eggs in all respects like the P-5-E strain, and it was avirulent for mice on three occasions when different passages were tested by intracerebral injection.
The above observations indicate that embryonated eggs injected with suspensions of tissue from pigeon E.T.8 became infected with the I.N.I. agent and with psittacosis virus, and that the two viruses were carried simultaneously in subsequent egg passage. The psittacosis virus was lost and the I.N.I. agent retained when a suspension of infected material was passed through a Berkefeld V filter and the filterable agent carried by rapid passage in eggs.
The I.N.I. agent was freed of the contaminating mouse-virulent psittacosis virus on two other occasions; viz., once by serial transfer in eggs of greatly diluted passage material and again by storage of infected material at --20°C. for several months, followed by serial passage in eggs.
Strain P-8-E isolated from the liver of pigeon E.T.8 on chorio-allantoic membranes was maintained for fifteen serial transfers in eggs. The infective titers of the 6th, 8th, and [0th passages as determined by the pock-counting method were 10 -6, 10 -7, and 10-~ respectively while the 13th and 15th passages were greater than 10-~. Membranes of the 3rd and 4th transfers killed mice 4 to 6 days after intracerebral inoculation of a 10 -1 dilution, while the 6th passage, which was employed in the filtration experiment described above, titered 10-4. The first six passages of P-8-E had been made by inoculating a 10 per cent (10 -1) suspension of infected membranes. Because the agent had now become so virulent that it killed the embryos on the 4th day without forming discrete lesions on the chorio-allantoic membrane, 10-8 to 10 -5 dilutions of passage material were employed as inocula for transfers, beginning with the 7th passage. When tested in mice a membrane from the 10th passage and several different ones from the 11th transfer failed to produce recognizable signs and lesions of psittacosis. Nevertheless the I.N.I. agent was present in large amounts in these and subsequent passages in eggs.
Several chorio-allantoic membranes infected with the 4th transfer of P-8-E were harvested during the 1st week of October, 1943, frozen rapidly at --70 ° C., and then stored for various periods of time at --20°C. Other membranes of this 4th passage were shown by histopathological examination and~ by prompt passage in eggs and mice to contain the I.N.I. agent and psittacosis virus. All six mice injected with a suspension of one of the tissues, thawed 2 months after initial freezing, died on the 5th or 6th day after inoculation. Elementary bodies were readily demonstrated in impression smears of meninges of these mice. Another membrane was thawed after almost 4 months of storage, emulsified, and injected into eggs and mice. Four embryos, inoculated with a 10 -1 dilution of the membrane, had confluent lesions on their chorio-allantois when examined at death on the 5th day. One of three mice injected intracerebrally with the same concentration of material succumbed on the 10th day with a psittacosis infection. The diagnosis was established by reisolation of the virus and identification by cross-immunity tests. Mice receiving higher dilutions of the tissue suspension remained well. This line of the P-8-E strain starting from a 4th generation membrane was maintained for a total of three subcultures on chick membranes. The 5th passage had a titer greater than 10-* by the pock-counting method. Membranes inoculated with a 10 "-a dilution of a suspension of 5th passage material were harvested on the 4th day, emulsified, and tested in eggs and mice in a 10 -1 dilution. All of these 7th passage embryos died in S days having confluent pocks on their chorio-allantoic membranes; none of the mice became ill.
In brief, the I.N.I. agent is considerably smaller than psittacosis virus and filtration procedures which greatly reduce or eliminate the latter permit the passage of the I.N.I. virus. Furthermore, on the chorio-allantoic membrane of embryonated eggs the new agent multiplies more readily than does psittacosis (7) . Because of this greater adaptability of the former to chick embryo tissue the psittacosis virus can be diluted out of experimental or naturally occurring mixtures of the two agents by rapid transfer on the chorio-allantois or by passage of high dilutions of infected tissue suspensions. Finally, the I.N.I. virus resists storage at --20°C. for a longer period of time than does psittacosis.
Response to Psittacosis Virus of Animals and Pigeons Previously Injected with the I.N.I. Agent
The limited host range of the I.N.I. agent had rendered difficult the problem of demonstrating the existence of an immunological relationship between psittacosis and the I.N.I. viruses. In an attempt to elucidate this problem mice, guinea pigs, rabbits, and pigeons were repeatedly injected with suspensions of chorio-allantoic tissue rich in the I.N.I. virus and subsequently tested for resistance to psittacosis virus.
Groups of mice were repeatedly injected by the intraperitoneal route with 10 per cent suspensions of chorio-allantoic membranes infected with the 5th to 7th egg passage of the I.N.I. strains P-1-E and P-5-E. None of the mice became ill. Several weeks after the third injection, the animals were tested for intracerebral resistance to varying quantities of psittacosis virus. The results, summarized in Table II , indicate that these mice had no immunity to the P-4 strain of psittacosis virus. In contrast mice hyperimmunized with strains of mousevirulent psittacosis virus isolated during the same epizootic were highly resistant to the P-4 strain of psittacosis.
One rabbit and two guinea pigs received both intracerebral and intracutaneous injections of a suspension from the 6th passage of P-1-E and two other guinea pigs were inoculated similarly with the 5th passage of P-5-E; no animal develoPed fever, signs of cerebral disease, or cutaneous reactions. The first group was subsequently reinoculated by the same routes with 10 2 mouse ~.L.D. of psittacosis virus, strain P-8-M; all three animals ran the usual febrile course and the guinea pigs developed typical lesions at the sites of injection. The animals which received P-5-E were similarly tested with 10 a mouse ~.L.D. of psittacosis strain P-2-M, these also developed fever and a cutaneous reaction. In yet another experiment, three guinea pigs were hyperimmunized by the intraperitoneal route with three injections of 2 cc. of 10 per cent suspensions of chorio-allantoic membrane infected with the 12th to the 17th passages of P-5-E. An intracutaneous titration of psittacosis virus, P-2-M, was made on each of these three guinea pigs as well as on four normal animals. Lesions developed in both treated and normal animals in all areas inoculated with 10 -1 to 10 -s dilutions of virus. The 10 -4 dilution induced reactions in all the treated pigs but only in half the normal animals, higher dilutions of virus elicited no response in either group.
Thus the guinea pigs and rabbit which had previously received the I.N.I. agent behaved as did normal animals when tested with psittacosis ~rus. A few observations on guinea pigs and rabbits which have recovered from recognizable psittacosis infections indicate that intracerebral and intracutaneous reinoculation of pigeon psittacosis virus is followed by a modified reaction. The experience with psittacine strains has been similar (5) . A description of the experimental disease produced in pigeons by the injection of the I.N.I. agent will be presented at another time (6) . At this point however, brief reference will be made to certain observations which throw light on the relationship of the I.N.I. and psittacosis viruses.
Six young adult white Corneaux pigeons were bled and their sera tested for complementfixing antibodies of psittacosis. One serum gave a positive reaction in a dilution of 1/64, the remainder gave negative results with the lowest dilution tested; i.e., 1/8. Three of the pigeons, including the one with psittacosis antibodies, were injected intraperitoneally with 0.5 cc. of a suspension of 7th passage of P-5-E that contained more than 104 infective units of virus as determined by the pock-counting method. The other birds were injected intracerebrally with 0.05 cc. of the suspension. Two members of the latter group developed paralysis and died, the third was obviously sick from the 6th to 1 lth days but recovered. None of the pigeons which received virus intraperitoneally showed signs of illness. Blood taken from the four surviving birds 19 days after injection was tested for psittacosis antibodies. The single pigeon which had had such antibodies prior to inoculation now showed an increased titer; v/z., from 1/64 to 1/512; the other birds still possessed no demonstrable psittacosis immune substances. On the 20th day the four birds were injected intracerebrally with 10 a infective units of I.N.I. virus. The bird whose serum contained psittacosis antibodies developed paralysis and died. The I.N.I. virus was recovered from its brain but not its viscera; psittacosis virus was not isolated from either source. The other three birds maintained good health and their sera taken 15 days later did not have psittacosis antibodies. On the following day the three surviving pigeons were injected intracerebrally with 104 mouse X~.L.D. of the P-4 strain of psittacosis virus. None became ill but each subsequently developed antibodies that fixed complement with psittacosis antigen; the titers of the three sera were 1/32, 1/256, and 1/32.
In general similar results were obtained in another experiment done 6 months later in which six pigeons were initially injected with the 38th passage of P-5 virus and subsequently injected with psittacosis virus. The P-4 strain of psittacosis virus used for challenging the birds in both experiments was of low virulence for pigeons; others have suggested (3) that strains of psittacosis virus tend to diminish in pathogenicity for pigeons when maintained for appreciable periods of time in other hosts. Among a total of eleven pigeons (normal, I.N.Iimmune, and birds with psittacosis antibodies) which were injected intracerebrally with many mouse minimum lethal doses of the P-4 agent, only threebecame obviously sick. Histological lesions of encephalomyelitis were intensive in the sick birds and mild in about half of the pigeons that showed no obvious signs of disease. The presence or absence of circulating complement-fixing antibodies of psittacosis, or of the new virus disease (6), bore little reationship to the development of illness following the challenge inoculation.
It is apparent from these observations that certain hosts which are insusceptible to the I.N.I. virus but susceptible in varying degrees to psittacosis virus develop no resistance to the latter agent following repeated injections of the former. Among the hosts susceptible to the new agent, six normal pigeons failed to develop complement-fixing antibodies against psittacosis antigen after infection with the I.N.I. virus. Moreover, among four pigeons which possessed psittacosis immune substances prior to experimental infection with the I.N.I. agent a distinct rise in the level of psittacosis antibodies occurred in only one bird following inoculation of the new virus.
A report on a specific complement-fixing reaction obtained with antigen prepared from egg tissue infected with the I.N.I. virus and serum from pigeons convalescent from disease induced by this agent will be presented elsewhere (6) . It may be stated now that the complement-fixing antibodies against the new virus appear unrelated to those of psittacosis.
In brief the results of a number of different types of experiments have failed to bring to light evidence of an immunological relationship between psittacosis virus and the new I.N.I. agent.
RECAPITULATION
Observations on an epizootic disease among Army pigeons supplied the answer to a question that was left unsettled in the studies on a similar outbreak investigated in New York during the previous year (1), namely, whether some strains of psittacosis virus of pigeon origin were capable of inducing the formation of intranuclear inclusions under certain conditions, or whether a simultaneous infection with psittacosis and another virus occurred in the New York birds and the second agent was responsible for the inclusions. The uniform character of the disease among the New York pigeons contributed to aye ~ll~y ~ii ~r~n'~, Cite ~5-ov~ ¢~aes~fon. ~ sitar~ con~rasf Co fAfs. individual birds among the present group differed in their histopathological lesions and in the viruses that were isolated from their organs. Thus, the tissues of two pigeons did not contain intranuclear inclusions and yielded psittacosis virus alone. The organs of two other pigeons had intranuclear inclusions and two distinct viruses were isolated from them, namely, psittacosis virus and an agent, transmissible on the chorio-allantois, which was capable of producing pocks with intranuclear structures in many of the cells. And finally, tissues of one pigeon had intranuclear inclusions and yielded the intranuclear inclusion agent (I.N.I.) but not psittacosis virus. In view of these findings we now assume that a simultaneous infection with the two viruses was present in all six of the New York pigeons.
Psittacosis virus and the I.N.I. agent can be propagated simultaneously in serial passage on the chorio-allantoic membranes of developing eggs. In naturally occurring mixtures of the two viruses and in experimentally prepared mixtures, the I.N.I. agent can be freed of the accompanying psittacosis virus by one of several procedures described in this report. In retrospect, it .appears that in previous experiments (1) loss of the I.N.I. agent with maintenance of the psittacosis virus, resulted when such mixtures were carried by intracerebral passage in mice.
Especially confusing in the early part of the work was the consistent finding of elementary body-like structures in impression smears of membranes infected with the initial passages of material from pigeon 3 in the New York outbreak and from pigeon E.T.1 in the present epizootic. These findings led to the erroneous assumption that the I.N.I. agent was a member of the elementary body group of viruses and, it was not until doubt arose regarding this idea that attempts were made to estimate the size of the I.N.I. virus. At present it seems likely that these two egg fines each contained, in addition to the I.N.I. virus, a strain of psittacosis virus which was relatively avirulent for animals; i.e., of the type described by Meyer and his associates (4).
Efforts directed toward establishing the individuality of the I.N.I. virus have dealt primarily with its separation from the psittacosis family of agents.
The apparent lack of pathogenicity of the new virus for ordinary laboratory animals greatly reduces the range of known viral agents to which it may be related. The possible kinship of our pigeon virus with other filterable agents pathogenic for the avian species will be discussed elsewhere (6) . SLrMMARY A virus has been isolated from the tissues of a pigeon with visceral lesions that were characterized by focal necrosis of parenchymatous tissue, by the presence in affected cells of intranuclear inclusions of the herpetic type, and by secondary inflammatory reaction. This newly recognized virus, which has been tentatively called the I.N.I. agent is pathogenic for pigeons and embryonated eggs but is avirulent for rabbits, guinea pigs, and mice. The virus is smaller than the agent of psittacosis and is immunological]y different from it.
The I.N.I. agent and psittacosis virus were both of etiological importance in an epizootic among pigeons. Some birds were infected simultaneously with the two agents while others were infected with only one.
BIBLIOGRAPHY
EXPLANATION OF PLATE 20
Photomicrographs of liver and pancreas of pigeon E.T.5. The tissues of this bird contained a newly recognized virus, the I.N.I. agent, and were free of psittacosis 
